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APPLICATION OF BALANCING TABS TO AILERONS

By Richard I. Sears
SUMMARY

An analysis has been made to determine the character-
istics required of a balancing-tad system for ailerons in
order to reduce the aileron stieck forces to any desired
magnitude, A serles of celculations has been made, based
on section data, to determine balancing-tad systems of
various chord tabs and ailercns that will give, for a
particular airplane, zero rate of change of aileron hinge
moment with ailercon deflection and yet will produce the
same maximup rate cof roll as a plain, unbdbalanced 15-per-
cent-chord aileron of the same span. The effect of roll-
ing velocity and of the forces in the tab link on the
aileron hinge moments have been Included in the calculations.

INTRODUCT ION

Thzs use of a conventional balancing tadb on ailerons
presents a possible means of reducing the aileron stick
forces. Because the deflection of the balancing tad must
be in opposition to the aileron deflection in order to
reduce the hinge moments of a plain aileron, the 1lift
effectiveness of the combination will be less than that
of the plain aileron. In order to be capable of pro-
ducing the same rate of roll as a given plain aileron,
therefore, an aileron with a balancing tab must be deflected
farther than the plain aileron or its chord or its span
must be greater than that of the plain aileron. Eecause,
throughout some range of aileron deflections, tabs be-
come relatively ineffective in reducing aileron hinge
moments when they are deflected more than 20°, the aileron
balancing tab must be designed to avoid deflection beyond
its effective limit. The moment supplied to the flap by
the tad linkage and also the effect of rolling velocity
must be included in the calculatlons for the proper tabd
arrangement to give the desired aileron hinge-moment char-
acteristics, The following analysis has been undertaken
in order to determine more exactly how these general con-
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siderations for an aileron balancing-tab system are in-
terreiated and to serve as a basis of computations for
designing such a system.
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SIMBOLS

angle of attack

effective change in angle of attack over alleron
portion of wing due to rolling velocity

aileron deflection relative to wing

tab deflection relative to aileron.

alleron chord behind hinge axis

tab chord behind ﬁinge axis

wing chord

wing span

effective wing span used to calculate Aa
rolling velocity

forward velocity

moment arm of tabdb link about tad hinge axis

angle between tab link and line jolning centers
of aileron and tab hinge axes (fig. 1)

factor proportionate to airplane damping in roll
1ift coefficient

hinge~moment coefficient
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Subscripts:

o . ~aoriginal aileron
‘a aileron
t tad

max mazimum

Quantities with a single prime mark refer to effective
values for aileron-tad combination when the airplane is
rolling.

ANALYSIS

Let it be assumed for the purposes of analysis
that it is desired to replace the original plain ailercns
of an airplane with allerons of the same span eguipped
with & full-span balancing tad to give any desired hinge-

moment-coefficient slope Ch5 '+ The new aileron must
a

- be capable of producing the same maximum rate of roll as

the original aileron.

: In general, the hinge-moment coefficient of an
alleron equipped with a balunclng tab can be expressed
by the following relation:

C. = C + ! Ty +\ d t . >
h, hao Cp. o'+ CA‘asaéa-F Ch < (l gin A Cht (1)
"where
— 1
Cht = Chtc. + Ght al + ch‘bs 6y + Chtﬁtst (2)

-

The last term in equation (1) is the contribution
to the ailevon hinge-mounernt coefficient by the force
in the tab link. This contribution must be computed




becavse, in normal wind-tunnel procedure, the aileron

hinge moment is measured with the tadb link fastened

to the ailercon. On the airplane, however, the tab link

is fastened to the wing proper. In flight, therefore,
because of the tab link, the aileron hinge moment will

be different from that measured in the tunnel. The

sign of A, the angle between the line Jjoining the

aileron and tab hinge axes and the tab link can be easily
determined by a simple sketch, such as figure 1, When the
ratio of tab deflection to aileron deflection is -1 (fig.
1(a)), the linkage system is a parallelogram, A equals
zero, and the aileron hinge moment is reduced (algebral=~
cally but not necessarily numerically) by the hinge moment
of the tab. When the deflection ratio is greater than

<1 (fig. 1(b)), the linkage system converges toward the
trailing edge, A is positive, and the increment of aille-
ron hinge moment is greater than the ta® hinge moment. On
the other hand, when the deflection ratio is less than

-1 (fig. 1{c)), the linkage system converges toward the
aileron nose, A 1is negative, and the increment of aile-
ron hinge moment is less than the tab hinge moment. This
effect is purely mechanical and is in addition to any
aerodynamic effect the tab deflection may have on the aile- -
ron hinge moment. 7For nonparallel linkage systems the
angle A is a function of the sileron deflection. An
analysis of differential linkage systems similar to those .
generally used to operate balancing tabs is given in refer-
ence 1, ‘

In order to simplify the calculations of this analysis,
the ratio of tab deflection to aileron deflection is assumed
to be -1. The value of A, therefore, is zero a2nd the
aileron hinge moment is algebraically reduced by the hinge
moment of the tab. When the required ratio of tad to aile-
ron deflection is calculated, the resulting hinge-moment
slope Chg' must be interpreted as being slightly greater

or slightly less than the design value because of a small
deviation from the assumed effect of the tab link. With
a balancing tab operated by a parallel linkage system,
equation (1), therefore, may be rewritten:

-

C C Ei ° |

= + C t + C - < ) .

hy ba, haaa haa Pa t Chas ot a Cht -3
a t

and, when combined with equation (2), the expression for
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the tab hinge~moment coefficient becomes:

= [on, = (R o] [on, - G o
n, = | Cn -(—) h h, - —Q h
a [ & Ca to a, Ca ta

+ [c 5V ¢ 1s, + [c 8\ o, 7 5
v " L) oy 10et [on, - (E) ony, |
asa a tsaJ ast a tst—’ (4)

TFor simplicity, let the over-all hinge-moment character-
istics of the alleron corrected for the effect of a parallel
tab-linkage system bde:

\2 h
C, * =0 -~ (==Y ¢
Bo ha, <2a/ Bt
C, " =C - (——) c
hq, haa cg / h»a
B P TR (5)
[\
C fl o= C e (———- C
h6a ag c, / ht6
a a
C.. 2
Cp " = Cy - <_£> Cp
8y 25 ‘a ts
t t
Thus equation (4) may be Tewritten as;
C = 0. W 4+ Cp, " ot + ¢ no§ + C I g
On, h, By, hg © Ca hg, Ot (6)
Due to rolling velocity p:
at = o + <.@.C.L-> 8, (7)
o&a :



where

/;g;)

is the rate of change of angle of

of the aileron with aileron deflection caused by
velocity. Eguation (6) becomes

i

Cp "

C
ha 0

r
+ C. " a4+ (C " [QOEN\ 4+ C nls
b, L hy <a°a>p h&a :I &

If 84 = £ (8,), the effective slope Chg ' may
a
by differentiating equation (8). Thus
Cp, ' = Cp " _QQL\ + Cp, "4 Oy, " ?st
8, e b e /g 8, ¢y dba

attack

rolling

+ ChSt" 84

(8)

be found

(9)

The required rate of tabdb deflection to give any desired

Chﬁa' is

It is now necessary to find an expression for <§%ﬂ\

for the new alleron in terms of known characteristics

of the original aileron. Thus,
: v [3ED
(sa) -/ L\ (0 2y
l_ b \
\os,) o 22 2,
p 2V /

(11)

It can be shown that the effective chénge in anglé of

attack of the aileron (in deg) caused by rolling
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velocity is:

-1

~ tan

- (oo™ E)3)
- 57.3 < > <b> (approx.)

The effective wing span D wused in equation (12) has

been determined from span-load distribution calculations
(reference 2). When the aileron chord is & constant
proportion of the wing chord along the span, b was found
to be approximately equal to the wing span between polints
located 10 percent of the individual aileron span outboard
of the inboard ends of the two ailerons. Thus from eguation
(12):

D
Aa B

> (12)

1

-

(13)

Ql
uw@
. <le

For any particular airplane the rate of roll is
dependent upon the increment of 1lift (rolling moment)
produced by the allerons and the dampiag in roll of the
airplane. but the damping in roll is independent of the
alleron characteristics. Thus,

pb _ do, > ' -
L

where k is a factor dependent upon the damping in

roll and may be evaluated for any particular airplane
with any aileron in terms of knocwn characiteristics of the
airplare with the original ailerons. Therefore, from

equation (14), -
(& )

<.§£L‘ ba, (15)
OCL

CLa



Thus, equation (14) becomes for any new aileron,

ob (ED
2V ' da
_— = - 0 Cr == '8 (16)
2v d a 5 a\d 84/ a
OLq (as ) 2o Cy,
2576, ,
L
And, for any aileron on’the\given airplane,
PD\
o 2 (”)
2V =2V 7o 8a> ' (17)
S 68. /9& > 5a° aéa CL
\884
ocy

The effectiveness of the aileron-balancing-tab

combination -§£L>- ' nust now be expressed in terms of

CL
the tab ratioc. The 1ift coefficient may be expressed as

L}

(s (G, (), Bn) o0

where

8a> o <6a> + aa> 98¢ (19)
08 o8 38 o8
984 L & 0y, t ey, a
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Equations (10), (11), (13), (17), and (19) can bde
solved simultaneously to obtain the required rate of
tab deflection with aileron deflectlon to give any
desired Chﬁa" The resulting expression in terms of

known characteristics of the szirplane with the original
aileron is

r S L . -
6, - o, v+ 57.3 2 —2Wo (22) ony "]
hg hs b = 8 \S 6g/ o
a 2 a <EL2;> ag CL
i i 3ba -
t - ° Gy (20)
b
} (%)
Cne M + 57.3 2 2 <?“> Cp "
5 b /8a N 5 26t /p b,
[l a T
\o8g 7/
CL

The effectiveness of the aileron-—balancing-tad comdbination

can be found from eguation (19). The deflection of the new
aileron required to give the same rate of roll as the orig-
inal aileron deflected £8,, degrees can be found from

equation (16) as follows:

(8% N\
\3s, /

o]
o
(]
t
—~

21)

The maximum tad deflection, which should be normally
limited to less than 209, can be found from the following
expression:

Stmax Abg samax (22)

The expressions derived in this paper can be used
to calculate aileron-balancing-tad characteristics for
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any alrplane, even though the characteristics of the air-
plane with an original aileron are now known, provided
that the factor k, which is proportionate to the damping
in ro0ll, can ve correctly estimated.

For illustrative purposes, certain characteristics of
a given airplane with criginal ailerons are assumed to be
as follows:

Ca,
—_— = (0,15

c

] = 37.3 feet
k) = 27.3 feet
/pby . . o
Kﬁ/l = 0.09 when 630 = 15

‘max

With these characteristics known, the rate of chénge of
tab deflection with aileron deflection required to give
any Ch6 ' is, from equation (20),

a

Cp. ' - [Cp. "+ 0.664 Cp (ﬂ_@.
h h h
53. ,~ 6& @ dsa CL

Chg " + 0.664 Cn " <§a,>
t - \efy/,
L

(23)

DISCUSSION

Calculations based on the preceding analysis have
been made to determine the various aileron-balancing-
tab corbinations that, for the assumed alrplane, wiil
give the same maximum rate of roll as the original un-.
balanced ailerons but will producs zero change in aile-
ron hinge moment with aileron deflection (Chsa' = 0),

Section data for plain flaps and tabs on the NACA 0009
airfoil, taken from reference 3 have been used for the
calculations. For allerons smaller than a 0.30c aile-
roa, tze tab data have been extrapolated from the curves
of this reference.
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The results of the calculations are presented in
figure 2. The alleron deflection required to give the
same maximum rate of roll as the original alleroun, the
rate of chanege of tab deflection with aileron deflection
to give Chsa' = 0, and the maximum tab deflection have

been pleotted as functiocns of aileron chord for three sizes
of tab. The maximum alleron defliection was assumed to be
that required to produce pb/2V egual to 0.09 and, con~
sequentiy, the maximum tadb deflection was determined for
this condition. Because, at the mazimum aileron deflec-
tions calculated for %ths iliustrative problem, tabs be-
come relatively insffective in reducing aileron hinge
moments when deflected much beyond 20°, this deflection
has been arhitrarlly assumed ss the allowable limit for
the deflection of the tab, Tha left extremities of the
curves of figure 2 have been determinedaccordingly. For
the given girplane, therefore, the smalles~t-chord aileron
capable of producing pbdb/2V = 0.09 with Chg,' = O when

the airplane is rolling is: (a) & 0.16¢c aileron with a
0.30cyg tadb, (b) a 0.20c aileron with a 0.20ca tad, or
(c) a 0.25¢ aileron with a 0,10cy, tab. Ailerons with
chords smaller than those qucted will regquire tadb de-
flection greater than 20° for zero hinge moment at the
maxinvm alleron deflection. Experimental data presented
in figures 13, 16, and 19 of reference 4 indicate that,
if the aileron deflection is large (45° for a 0.10cye t@b
5% for a 0.20cy tab, eand 25° for a 0.30ce tad), the tad
is still effective when deflected as much as 30° in a
direction opposed to the aileron deflection. This fact

" has been verified experimentally by unpublished data .from
recent tests., Careful consideratlion should be given,
therefore, to the maximum allowable tad deflection for
each particular alrplane.

Tabs of a given ratio of tad chord to aileron chord,
in the range of aileron chords investigated, are more
effective in reducing the hinge moments of large-chord
ailerons than of small-chord ailerons. TFigure 2 shows
that a greater rate of tab-to-aileron deflection is re-
quired on small-~chord ailerons than on large~chord aile-
rons.,

The effect of the hinge moment caused by the tabd
link on the characteristics of aileron-balancing-tab
systems is shown in figure 2, The solid-line curves of
this figure were computed by assuming a parallel linkage
system, a proccedure that is the equivalent of assuming
for the purpose of calculations that 06,/364 =-1. The
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dashed-line curves of figure 2 were computed with all
effects of the tab link entirely neglected. Both curves,
however, include the effect cf rolling velocity. The
increment btetween the dashed-~line and the solid-line curves,
therefore, indica’es the magnitude and the direction of

the effect ¢f neglecting the hinge moment caused by the

tab link., An insvecticn of these results indicates that,
when the balancing-tad link !s such that the aileron hinge
moments are reduced by the link, the rate of change of tabd
deflection with ailesron deflaction required to give complete
balance is slightly greater than would be computed if the
effect of the link were neglected. This condition occurs
because the baliancing tab parameter Chast is reduced

more than the aileron parameter because chtst is

Chasa
greater than Cht&a' (see equation (5).)

The rate-of~-deflection curves and, consequently, all
the solid-line curves of figure 2 should be interpreted,
therefore, according to the discussion in the preceding
paragraph because, as has previously been pointed out,
in order to simplify the calculations, the effect of the
tad link was approximated to be that for d84/d8y; = -1.

The solution is,therefore, exact only for ailerons re-
quiring this rate of tab aeflection. Aileron-tad com-
binations for which the required rate of tab deflection
(fig. 2) is greater than -1 will not be quite completely
balanced with the deflection rate calculated. On the other
hand, aileron-tab combinations for which the required de-
flection rate is less than ~1 will be slightly overbalanced
with the calculated rate of tab deflection. The true rate
of tab deflection should be very slightly greater or smaller
by an amount proportional to the increment between the dashed-
line and the solid-line curves and to the deviation of
calculated rate from the assumed rate of -1, For all prac-
tical purposes, however, this correaction is negligible and
the solid-line curves represent a solution sufficiently
accurate for design calculations. The characteristics of
any particular talancing-tadb system can be easily altered

by an adjustment of the linkage arms after flight tests

have been made to determine final modifications.

CONCLUSICKS

An analysis of the application of balancing tabs to
allerons indicates the following general conclusions:

l. Calculations based on experimental section data
have shown that a balancing tab is a feasible and convenient
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means of reducing sileron hinge moments to zero or to
any desired magnitude.

2. Because the over-all 1lift effectiveness is less
for an aileron-~balancing-tab combination than for a plain

- aileron, the chord, the span, or the maximum deflection

must be greater for the balanced aileron than for the
plain aileron to produce 2 given maximum rate of roll.

3. In the range of ailaron chords investigated,
balancing tabs of a given ratio of tab chord to aileron

~ chord were more effcctive in reducing the hinge moments

of large-chord ailerons than of small-chord ailerons.

4. The effect of the tab link on the aileron hinge~-
moment characteristics can be satisfactorily approximated.
For conventional balancing tabs, the tad linkage tends to
reduce, algebraically but not nedessarily numerically, the
aileron hinge moments that would occur if the tad were
fastened to the alleron and not tc the maln airfoil., Be-
cause of thils fact, the tad link tends to increase the
rate of change of tab deflection with aileron deflection
necessary for any given amount of balance.

5, The minimum~chord tad that can be used with
any chord aileron is limited by the condition that the
tad should not be deflected beyond the limit of its
effective range.

6. PFinal mecdifications in the characteristics of
an alleron-balancing~tad system, as indicated desirabdle
by flight tests, can be easily made by altering the ratse
of tab deflection by changing a link arm of the system.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics
Langley Field, Va.
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